Study objectives-Health priorities in middle to low income countries, such as Lebanon, have traditionally been assumed to follow those of a "typical" developing country, with a focus on the young and on communicable diseases. This study was carried out to quantify the magnitude of communicable and non-communicable disease mortality and to examine mortality pattern among middle aged and older populations in an urban setting in Lebanon. Design and participants-A representative cohort of 1567 men and women (>50 years) who had participated in a cross sectional multi-dimensional health survey in Beirut, Lebanon in 1983 and were followed up 10 years later. Vital status was ascertained and causes of death were obtained through verbal autopsy. Results-Total mortality rates were estimated at 33.7 and 25.2/1000 person years among men and women respectively. In both sexes, the leading causes of death were non-communicable, mainly circulatory diseases (60%) and cancer (15%). For all cause mortality, men had significantly higher risk than women (age adjusted rate ratio, RR=1.42, 95% confidence intervals (CI) = 1.16, 1.72) especially at younger ages. Except for cerebrovascular diseases, renal problems and injuries attributable to falls and fractures, men were also at higher cause specific mortality risk than women, in particular, for ischaemic heart disease (RR = 2.24, 95% CI = 1.62, 3.12). Comparison with earlier death certificate data in Lebanon and current estimates from other regions in the world showed the magnitude of cardiovascular disease over time. Conclusions-The results from this first cohort study in the Arab region show, in contrast with popular perception, a mortality pattern more like a developed country than a developing one. Strategies of public health activities, in particular for countries in transition, need to be continuously re-assessed in light of empirical epidemiological data and other health indicators for evidence-based decision making. (J Epidemiol Community Health 2001;55:271-276) 
There is increasing awareness that most developing countries are experiencing the epidemiological transition in which causes of death shift from primarily infectious to noncommunicable diseases such as cardiovascular disease (CVD) and cancer. [1] [2] [3] The increase in the relative burden of non-communicable diseases places greater demands on the health, social and economic care systems of countries already faced with limited resources and where communicable and maternal causes of ill health remain important public health issues. 4 EVorts are now being made to quantify the global burden of disease to facilitate rational decision making. 5 However, the lack of appropriate denominators and adequate sources of data to appraise the increasing importance of CVD means that donors and health planners in less developed countries often fall back on the assumption that resources should focus on the young and on infectious diseases.
Lebanon is a small (total population around 3.5 million) middle income country that recently emerged from 16 years of civil wars, foreign invasions and intrusions (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) . In Lebanon, there are considerable gaps in the current epidemiological knowledge for most diseases. The most recent census was conducted in 1932 when Lebanon was still a French mandate. Since independence in 1943, and for various political reasons, eVorts to collect demographic data and population statistics have not been welcome. Vital registration is unreliable while government statistical surveys and health statistics were, until very recently, non-existent. Reliable information on causes of death is not available, in particular, among the older age groups. A "Population and Housing" survey conducted by the Ministry of Social AVairs estimated the crude death rate for 1996 as 7.4 per 1000 population. 6 While CVD and cancers accounted for around 31% and 10% of deaths reported in the year before the survey respectively, ill defined conditions represented a further 43% in the total sample, and 51% among those aged 60 years and older.
Given this background, this follow up study was undertaken to describe the level and causes of mortality in a cohort of middle aged and older populations in an urban setting in Lebanon. In the absence of other more reliable sources of mortality data, the study used verbal interviews for assessment of vital status and causes of death. Comparisons are made with data from developed and developing countries and with earlier data from Lebanon to contribute to our knowledge of the relative magnitude of disease burden over time.
Methods
In 1983, the Faculty of Health Sciences of the American University of Beirut conducted a multidimensional community-based health interview survey in Beirut, the largest city (around 13% of the population) and the capital of Lebanon. The objective of the 1983 survey was to establish a Population Laboratory to identify health needs at the community level, for planning and resource allocation. In the absence of a population or housing census that could provide a sampling frame, the 1983 sample was obtained using a two stage area design based on the geographical division of Beirut into zones and sectors as used by the Lebanese Electricity Company. Full details of sampling procedures are available elsewhere. 7 The sampling approach was made to ensure a suYciently representative sample of the residents of the city of Beirut.
Between June 1993 and August 1994, men and women aged 50 years and over in the Beirut 1983 Survey (n = 1786) were retrospectively traced for assessment of vital status. Data on causes of death were obtained using verbal interviews. The interview schedule, verbal autopsy, was based, with modifications, on that used in a similar follow up study of a cohort of older adults in Brazil. 8 In this study, causes of death based on the verbal autopsy largely agreed with death certificates and hospital notes. 8 The interview schedule included three main sections: (1) details on the year and age at death, country and place of death, identity and speciality of the attending physician; (2) circumstances of death elicited from the informant using open-ended questions as to the symptoms, signs and complaints around the time of death; and (3) a detailed medical history, age at onset, a checklist of morbid conditions suVered by the deceased one year before death, contacts with health services and accidents. The completed forms were reviewed by a physician to assign the underlying cause of death using the International Classification of Diseases, Injuries, and Causes of Death, 9th revision (ICD-9). In the case when there were ambiguities, a diVerent interviewer was sent to the field for a re-interview and information recorded was evaluated by two physicians for a consensus.
The total observation time for each subject was calculated in person years divided into age and period bands within which the rate for the subject was considered to be constant. This was done using the Lexis command 9 of statistical package STATA. 10 Incidence density rates and associated confidence intervals (CI) were calculated per 1000 person years at risk with follow up time beginning at the time of the Beirut 1983 survey until censoring. Age adjusted Mantel-Haenzsel sex rate ratios (RR) and their 95% CI for each cause of death were also calculated.
Results

FOLLOW UP RESULTS AND MORTALITY OUTCOME
Out of the sample of 1786 study subjects aged 50 years and over in 1983, a total of 1567 subjects (87.7%) were successfully traced in 1993/94 (fig 1) . Of these, 1151 were alive and 416 dead. The mean time to death was five years (SD three years). For the remaining 219 respondents, the vital status and, with less certainty, the year at censoring could be elicited for 140 (63.9%) subjects, of whom 94 were alive and 46 dead. However, because they refused to participate or because they had moved and/or an appropriate informant could not be identified, data on causes of death could not be assessed. Follow up interviews of the 1567 traced subjects were conducted at the same address as the 1983 Survey in 84.3% of cases. The other interviews were conducted either in a newly identified address (11.7%) or by phone contact (3.9%). 
CAUSE OF DEATH STRUCTURE BY AGE AND SEX
The distribution of the underlying causes of death by sex and age at death is provided in table 1. For comparative purposes, causes of death were grouped under three main headings according to the framework used by Murray and Lopez Global Burden of Disease (GBD) study: communicable diseases, noncommunicable diseases and injuries. 5 During the 10 year follow up period, 237 deaths occurred among men and 179 among women. Their median age at death was 71 (range 53-101 years) and 76 (range 53-99 years) respectively. The most important causes were non-communicable diseases, mainly circulatory disease (n = 249 (60%); ICD-9 codes 390-459) and cancer (n = 62 (15%); codes 140-208). Among circulatory diseases, ischaemic heart disease (codes 410-414) accounted for the majority of the mortality burden (n = 168, 68%) followed by cerebrovascular diseases (n = 53 (21%); codes 430-438).
Around 6% of total deaths were caused by injuries, both intentional and unintentional. Overall, injuries were concentrated among men in the younger age groups, although the pattern varied by type of injury. While the majority of motor vehicle accidents occurred among men in the younger age groups, fractures, mainly of the hip and pelvis, concentrated among women above 80 years.
MORTALITY RATES BY AGE AND SEX
A graphical representation of trends in all cause and CVD mortality per 1000 person years, by age (on a log scale), is presented in figure 2. Mortality rates increased consistently with age and were higher in men than women, especially for the younger age groups. Except for cerebrovascular diseases, renal problems, injuries attributable to falls and fractures, and ill defined diseases, men were at higher mortality risk than women (table 2) . Men exhibited a significantly higher mortality risk for deaths attributable to communicable diseases (age adjusted RR = 8.83), non-communicable diseases (RR = 1.36), in particular circulatory diseases (RR = 1.54) and ischaemic heart disease (RR = 2.24). 
Discussion
To date, cohort studies and population-based mortality data in the Arab region are largely lacking. The findings of this study show that non-communicable diseases, particularly CVD and cancer, are the leading causes of death among those aged 50 years and over in Beirut, accounting for around 60% and 15% of total deaths respectively. While methodological issues and sociocultural factors may have played a part in diagnosis and reporting, these cannot totally account for such high proportional mortality rates. Total mortality rates were significantly higher in men than women, and this was shown to vary by age. Controlling for age, men had around 1.4 times mortality risk than women. Much of the excess risk among men was attributable to ischaemic heart disease rather than cerebrovascular disease mortality, a finding that is consistent with other epidemiological studies. 11 Furthermore, mortality rates from CVD reflect a pattern comparable to what is observed in industrialised countries such as the USA and England and Wales. 12 The results for trends in mortality by age and gender are also consistent with reports from populations in the West. 13 The utility of these findings, however, is largely dependent on the quality of mortality data. A number of factors may aVect the reliability of verbal autopsies: the prevalence of the condition in question, the socioeconomic status of the informant and relationship to the decedent, seriousness of the illness and certainly age at death.
14 In our study, more than half (58%) of the subjects had been admitted to a hospital in the year before death, and around one third of the deaths occurred in a hospital setting. Consequently, the information obtained was likely to be shaped by contact with the physician attending to the patient during terminal illness. It is possible, however, that data on the circumstances of deaths that occurred early in the study period may have suVered from poorer recall. Another potential limitation lies in the closeness of the respondent to the decedent around the time of death. The majority of interviews (80%) were conducted with a relative or a caregiver who had lived with the subject in the same household in the year preceding the death event. In another 12% of the cases, the informant had lived either in the same building or within a few blocks from the house the deceased. Reliability of our verbal interviews by informant characteristics was examined at the outset of the study in a pilot sample of 30 deaths. Using broad categories of causes of mortality (communicable diseases, cancer, CVDs, other non-communicable diseases, injuries and ill defined conditions), the overall level of agreement was 90% ( statistics = 0.85) and this did not vary by respondent relationship to decedent. Furthermore, our use of a broad system of classification of mortality provided a balance between the need for details on specific causes of death against the inevitable lack of reliability inherent in a more detailed cause of death structure.
Assessment of the validity, on the other hand, of our verbal autopsies was hampered by the lack of other traditional sources of mortality data in the country. Hospital records were either inaccessible, incomplete or missing. Similarly, a search exercise at the Vital Registration Unit revealed that the cause of death was missing in 68% of death certificates and "old age and ill defined conditions" constituted a further 5% of all registered deaths. Countries that lack reliable sources of data are increasingly adopting surveys and lay reporting schemes to measure broad cause of death patterns. Verbal autopsies have been used in South Africa, 15 India, 16 and more recently in Jordan 17 to assign causes of death among adults. In comparison with the gold standard (death certificates and hospital records), physician review of verbal autopsies had a high diagnostic accuracy for CVD (cause specific mortality fraction KEY POINTS
x In countries that lack reliable sources of mortality data, the utility of verbal autopsy can be viably extended to cohort studies for assessing causes of death. x The lack of reliable health information and the traditional dichotomy between developed and developing countries mask heterogeneity within countries and may result in misleading appraisals of research and health priorities. x Strategies of public health activities, in particular for countries in transition, need to be formulated with an understanding of disease burden within rather than between populations, and to be continuously re-assessed in light of empirical data for evidence-based decision making.
within 10-19% of the true value) and neoplasms (<10%) in a sample of 796 adult deaths in Tanzania, Ethiopia and Ghana. 18 While the nature of study subjects selected for this investigation from an urban setting limits our ability to generalise the study results to all the population, Lebanon remains largely an urbanised country (around 85%). 6 To our knowledge, this study provides the first population-based data available in the Arab region quantifying incidence density mortality rates experienced in a geographically well defined population over a specific period of time. The study achieved a relatively high follow up rate for a population then undergoing a protracted war and only a low proportion of deaths was coded to "ill defined". Moreover, it focused attention on middle aged and older people, an often neglected sub-population in research and policy in the region.
In the absence of published data on vital statistics in Lebanon, it is diYcult to examine cause specific mortality trends in recent years. The only study ever published, which examined causes of death before the war, was undertaken in 1966 and was based on death certificates and registers of the Municipal Health Department in the city of Beirut.
19 Table 3 reproduces the distribution of deaths cited in this earlier study in Beirut and in the Global Burden of Disease (GBD) Study in 1990 across diVerent regions, including the Middle Eastern Crescent. 20 The comparison suggests that, in contrast with popular national and international perception, the epidemic of CVD has not just emerged; rather, its onset probably dates back to the 1960s. In one of the few epidemiological studies of coronary heart disease conducted before the war, AbouDaoud starts his introduction with the statement: "Coronary heart disease seems to be the leading cause of death among Lebanese of the middle and older age groups". 21 The relative stability of mortality trends over 30 years suggests that, although the war may not have dramatically aVected our epidemiological transition, it had probably delayed any further developments. Baseline data from this cohort study revealed increased levels of chronic disease morbidity (hypertension, 25%; and diabetes, 13%) and a high prevalence of the major risk factors such as smoking (44% among men and 24% among women). At the time when several countries, essentially through primary prevention, are showing marked decreases in CVD mortality from the 1960s, 12 22-24 health policies and practices in the country continue to favour curative and high-tech medical services.
The recent publication of the mortality results of the GBD study in 1997, 5 has called attention to the world's health transition and to the policy implications of such global comparisons. 25 26 Because of the great diversity in social, economic and health characteristics within groups and countries, all categorisation of countries remain too simplistic. 27 Health policies are better addressed by a deeper understanding of the distribution of disease burden within rather than between populations. 28 The traditional dichotomy between developed and developing countries masks heterogeneity within countries and may have played an additional part in the lack of satisfactory information on this subject in Lebanon and other countries at varying stages of the epidemiological transition. In these countries, priorities in health policies should be directed towards improving reporting systems of routine sources of data, while concurrently improvising alternate strategies for collecting empirical epidemiological data and other health related indicators for advocacy and evidence-based decision making. Our results apply only to middle aged and older populations and further studies are required to determine levels and patterns of mortality and risk factors in younger age groups and in the rural populations.
We are grateful to Dr Alex Kalache for his advice early in the study and Dr Samer Jabbour for his comments on an earlier version of the paper. 
